Purpose To evaluate ganglion cell complex (GCC) thickness with spectral domain optical coherence tomography (SD-OCT) in eyes with nonexudative age-related macular degeneration (NEAMD). Methods Forty-seven eyes of 28 patients with nonexudative age-related macular degeneration (NEAMD) and 54 eyes of 28 age-matched healthy subjects were enrolled. Each subject underwent a complete ophthalmic examination before SD-OCT were obtained. Macular scans were taken with software version 6.0 of the ganglion cell analysis (GCA) algorithm. GCC thickness was evaluated automatically as the average, minimum, temporal superior, superior, nasal superior, nasal inferior, inferior, and temporal-inferior segments by SD-OCT and parameters were compared between groups. Results The mean age was 68.7 ± 8.73 years in patient group, and 61.51 ± 5.66 years in control group. There were no significant differences in mean age, gender distribution, intraocular pressure, and sferic equivalent at imaging between the groups (P40.05). The mean (± SD) GCC thicknesses were as follows; average 71.53 ±16.53 μm, minumum 62.36 ± 21.51 μm, temporal superior 72.23 ± 14.60 μm, superior 72.76 ± 20.40 μm, nasal superior 72.31 ± 20.13 μm, nasal inferior 69.74 ± 20.51 μm, inferior 69.38 ± 19.03 μm, and temporal-inferior 73.12 ± 15.44 μm in patient group. Corresponding values in control group were 81.46 ± 4.90 μm, 78.66 ± 6.00 μm, 81.51 ± 4.66 μm, 82.94 ± 5.14 μm, 81.79 ± 5.86 μm, 80.94 ± 6.18 μm, 80.14 ± 6.30 μm, and 81.75 ± 5.26 μm, respectively. There were significant differences between two groups in each segments (Mann-Whitney U-test, Po0.05). Conclusion The average GCC thickness values (in all segments) of NEAMD patients were lower than control group. NEAMD, which is considered as a disease of outer layers of retina, may be accompanied with a decrease of ganglion cell thickness, so inner layers of retina may be affected.
Introduction
Age-related macular degeneration (AMD) is one of the leading causes of irreversible vision loss and blindness among elderly persons. 1,2 AMD involving Bruch membrane, retinal pigment epithelium, and choriocapillaris, is a degenerative and progressive disease. The classification systems have been developed to characterize disease severity; Nonexudative AMD that is called dry or atrophic AMD, and exudative AMD that is called wet or exudative AMD. 2, 3 Drusen, acellular deposits of lipids, proteins, and inflammatory mediators, are common both early and late stages of disease.
NEAMD is characterized by gradual vision loss associated with retinal pigmentary change, drusen, and the development of geographic atrophy of the retina pigment epithelium (RPE). [3] [4] [5] The exudative form of AMD (EAMD) is responsible for rapid and severe vision loss due to the development of choroidal neovascularization (CNV). [3] [4] [5] Recently, optical coherence tomography of AMD has found an important place in the diagnosis and follow-up of the disease.
The Cirrus OCT (Carl Zeiss Meditec, Inc., Dublin, CA, USA), two-dimensional crosssectional retinal images consisting of 512 A-lines with axial resolutions of 10 mm can be obtained in 1.28 s. 4 A-scans per second, pupil dilation is necessary for optimal measurement also ganglion cell complex (GCC) and other retinal layer thickness. Spectral domain optical coherence tomography (SD-OCT) can better evaluate drusen and associated anatomical changes in eyes with NEAMD. 6 The GCC thickness comprises the retinal ganglion cell layer (GCL) and inner plexiform layer (IPL), which are directly influenced by several potentially blinding eye diseases, such as glaucoma, retinitis pigmentosa (RP). [4] [5] [6] [7] [8] [9] Medeiros et al 4 demonstrate diffuse loss of photoreceptor cells in NEAMD in histopathologically. However there was no detectable loss of GCC neurons in NEAMD.
In our study, we aimed to evaluate GCC thickness in NEAMD. In order to find out if there is a cell degeneration at inner layers of retina, associated to that outer layers.
Materials and methods

Participants and patient groups
This retrospective, comparative study was approved by the Ethical Review Committee of Ufuk University and adhered to the provisions of the Declaration of Helsinki for research involving human subjects. The medical records of 28 patients diagnosed with NEAMD who suffered from early or intermediate AMD (drusen group) with mild retinal pigment epithelial abnormalities but without other pathology (eg, geographic atrophy, pigment epithelial detachment) and 28 age-matched control eyes were enrolled.Informed consent form was taken from all patient.
All eyes underwent full ophthalmic evaluation including best-corrected visual acuity (BCVA) test, slit lamp examination, and fundus examination. Cases with cataract and media opacity which prevent SD-OCT image, retinal edema, and serous detachment, pigmentary epithelial detachment in SD-OCT, glaucoma, sferic equivalant46D were excluded.
After detailed ophthalmic examination macular scans were taken with spectral domain optical coherence tomography (Cirrus; Carl Zeiss Meditec, Dublin, CA, USA). GCC thickness (the retinal ganglion cell layer and inner plexiform layer) was measured automatically as average, minimum, temporal superior, superior, nasal superior, nasal inferior, inferior, and temporal-inferior segments by SD-OCT and results were compared between groups.
SD-OCT
Imaging was obtained using an SD-OCT device (Cirrus; Carl Zeiss Meditec). Macular scan (macular cube 512 × 218) was performed through dilated pupil with the SD-OCT. The GCC analysis algorithm was used to automatically measure the macular GCA thickness. 10 Software version 6.0 of the GCA algorithm (Carl Zeiss Meditec) was used to process the data and detects and measures macular GCIPL thickness within a 6 × 6 × 2 mm cube centered on the fovea. The following macular GCIPL thickness measurements were analyzed: average, minimum, and sectoral (superonasal, superior, superotemporal, inferotemporal, inferior, and inferonasal). 11, 12 In SD-OCT technology, the light from the reference arm interferes with the light reflected back from the different layers of the retina, generating spectral interference fringes. This fringe pattern is processed by a high-speed spectrometer, and then undergoes transformation to create a reflectivity profile in depth. Two-dimensional cross-sectional retinal images consisting of 512 A-lines with axial resolutions of 10 mm can be obtained in 1.28 s. For GCC measurement scan was centered 1 mm temporal to the fovea. It covers 7 × 7 mm area of the central macula. 4 GCC thickness parameters indicate the retinal ganglion cell layer and inner plexiform layer in the area above the horizontal meridian. The software analyzes the values, compares them with the device's internal normative database, and generates a color-coded significance map. An instrument provided classification is indicated in a color-coded manner: sectors classified as 'within normal limits' (P45%) are printed in green, sectors classified as 'borderline' (Po5% but 41%) in yellow, and sectors classified as 'outside normal limits' (Po1%) in red.
Statistics
The SPSS 21.0 program package was used for statistical analysis. Normal distribution fitting was checked with Kolmogorov-Smirnov test. Mann-Whitney U-test was used to compare the measured ganglion cell layer parameter values between the healthy controls and AMD group, respectively. The Pearson χ 2 test was used to evaluate retinal pigment epithelial abnormalities and systemic disease between two groups. P-values of 0.05 or lower were considered to indicate statistical significance.
Results
One hundred one eyes of 56 participating were examined, retrospectively. Eight of the 28 patients were men and 20 were woman in patient group and 11 of the 28 patients were men and 17 were woman in control group. The mean (± SD) age was 68.7 ±8.73 years in patient group and 61.51 ± 5.66 years in control group. There were no significant difference between the groups for age, gender distribution, intraocular pressure, and refraction (P40.05).
We compared the BCVA between two groups. The mean (± SD) BCVA of the participants's eye were 0.78 ±0.26 in patient group and 0.97 ± 0.11 in control group. BCVA was also significantly better in control group than patient group (Po0.01, Mann-Whitney U-test). This was an absolutely expected result. Because, retinal damage in patient with NEAMD results with varying degrees of decrease in visual acuity. The demographic and ophthalmic examination data of the participants are shown in Table 1 .
Eight of the 28 patients had hypertension in patient group, 3 of the 28 patients had diabetes mellitus, and 6 of the 28 patients had hypertension and diabetes mellitus together. On the other hand, 10 of the 28 patients had hypertension, 3 of the 28 patients had diabetes mellitus, and 7 of the 28 patients had hypertension and diabetes mellitus together in control group. There was no significant correlation between systemic diseases and GCC thickness between groups (Mann-Whitney U-test, P40.05).
GCC thickness were average 71.53 ± 16.53 μm, minimum 62.36 ± 21.51 μm, temporal superior 72.23 ± 14.60 μm, superior 72.76 ± 20.40 μm, nasal superior 72.31 ± 20.13 μm, nasal inferior 69.74 ± 20.51 μm, inferior 69.38 ± 19.03 μm and temporal-inferior 73.12 ± 15.44 μm in patient group. And the corresponding values in control group were average 81.46 ± 4.90 μm, minimum 78.66 ± 6.00 μm, temporal superior 81.51 ± 4.66 μm, superior 82.94 ± 5.14 μm, nasal superior 81.79 ± 5.86 μm, nasal inferior 80.94 ± 6.18 μm, inferior 80.14 ± 6.30 μm and temporal-inferior 81.75 ± 5.26 μm. There was significant differences between two groups in each segments (Mann-Whitney U-test, Po0.05). The GCC thickness examination data of the participants are shown in Table 2 , Figure 1 .
Discussion
Visual information generated by the photoreceptor cells is transmitted to the brain by the retina ganglion cells (RGCs) which are located in the innermost layer of the retina.
RGCs are usually a single layer in the peripheral retina; but within the macula, they are multilayered and the fovea centralis has the greatest density of ganglion cells. 13, 14 GCC are affected by multiple diseases such as glaucoma and macular degenerations which caused structural changes in the retina and choroid. Tan et al, 13 reported that retinal nerve fiber layer and ganglion cell thickness were significantly lower than normal group in glaucoma patient. This result has showed that ganglion cell layer thickness measurement was important for glaucoma diagnosis.
AMD is one of the leading cause of irreversible vision loss and blindness among elderly persons. 1, 2 In AMD patients with severe photoreceptor loss, decreased input to the inner retina may result in transneuronal degeneration. Acellular deposits of lipids, proteins, and inflammatory mediators, which is called drusen, are common both early and late stages of disease.
AMD may potentially affect macular thickness measurement by effectively the outer retinal layers, but Figure 1 Participants GCL+IPL thickness examination data. Ganglion cell complex thickness in AMD E Yenice et al there is no available literature that investigated ganglion cell complex thickness with the SD-OCT in this patient group. 13, 15 In a study, which was performed histopathological manner in AMD donors, GCL and photoreceptor topography was measured and GCL neurons survival level and relationship between photoreceptor loss was examined in the same eyes. These study findings were 47% loss of GCL neurons in end-stage cases of exudative AMD (EAMD) but preservation of GCL neurons in NEAMD. 13 Conversely, our study resulted in a reduction in ganglion cell layer in NEAMD. But there is no any other study to support it. In a study of Chauhan et al, 16 which was measured retinal bands in the OCT images and compared with measurements of retinal layers on histology, reported that the most significant factor affecting reproducibility was the variation in polarization setting and the primary interface component also exist in the images of retina in vivo. Consideration of the differences in results, may cause a misleading view.
Ganglion cell layer which are directly influenced by glaucomatous ganglion cell loss and other macular degeneration like RP. Similar to EAMD eyes, RP eyes exhibits 50-75% GCL preservation and a positive correlation between levels of photoreceptor and GCL neuron loss in RP. More macular GCL neurons remained in the eyes with AMD than in the eyes with RP. This difference between AMD and RP results could be owing to noncomparable disease stages or differences in disease course. [17] [18] [19] Systemic diseases like diabetes and hypertension, which frequently cause retinopathies leading to blindness effect the morphology of RGC. The axons in diabetic and hypertensive retinopathy retinas showed morphologic changes such as irregular swelling and beading. Dendritic field sizes were significantly reduced in RGC of both hypertensive and diabetic retinas. 20 Our findings also showed that there was no significant correlation between GCC thickness and hypertension and diabetes.
Several studies had found increasing age is associated with thinner GCC layer, in our study there was no statistically significant correlation between the age and GCC layer in both groups. [21] [22] [23] As our study groups include presbiyopic and AMD patients, our age range is narrow, so it is possible no to be found a difference between the age and ganglion cell layer thickness.
Finally, our results show that ganglion cells have been affected and GCC thickness decreases in NEAMD. Therefore, it can be suggested that ganglion cells may decrease more in advanced AMD, so it should be considered in patients whose visual acuity did not improve despite aggressive treatment. Future studies need to be directed toward further understanding of the effect of AMD on ganglion cell layer.
Summary
What was known before K AMD is a degenerative and progression disease that affects bruch membrane, retinal pigment epithelium, and choriocapillaris. And there is no literature about ganglion cell thickness in AMD.
What this study adds K Our results show that ganglion cells have been affected and GCC thickness decreases in NEAMD. Therefore, it can be suggested that ganglion cells may decrease more in advanced AMD, so it should be considered in patients whose visual acuity did not improve despite aggressive treatment. So this is the first publish about this issue.
